Objective: Treadmill exercise stress testing for identifying patients with a higher likelihood of coronary artery disease (CAD) before elective coronary angiography is recommended in the current guidelines. In this study, we aimed to evaluate the changes in the hematological parameters before and after exercise stress test in relation with the presence of CAD.
| INTRODUCTION
Coronary artery disease (CAD) is a major cause of death and morbidity worldwide.
1,2 Non-invasive tests for stratifying risk and identifying patients with a higher likelihood of CAD before elective coronary angiography are recommended in the current guidelines. 3 However, these tests have limited prognostic discrimination and are unable to detect CAD severity.
In patients admitted to clinics with chest pain, suspicion of CAD is mostly based on non-invasive methods. The exercise stress test (EST)
is frequently used in daily practice and indirectly detects myocardial ischemia, a physiological outcome of disturbed myocardial perfusion.
It is commonly used because of its simple structure, low cost, widespread availability, and efficiency in identifying risk profiles of patients.
The conventional criterion for the detection of myocardial ischemia is the development of ST-segment depression or elevation during the test; however, the diagnostic value of this criterion is limited because of its relatively low sensitivity. To improve the identification of myocardial ischemia with this modality, various parameters, such as P-wave duration, hs-CRP elevation, ST elevation in aVR derivation, abnormal heart rate recovery, troponin, and NT-pro-BNP-levels with ST-segment depression or copeptin level have recently been suggested. [4] [5] [6] [7] [8] [9] Total white blood cell (WBC), neutrophil, and lymphocyte counts, as well as the neutrophil-lymphocyte ratio (NLR) are markers of systemic inflammation. 10, 11 In previous reports, the NLR was particularly shown to be a predictor of cardiac events and mortality in patients with stable CAD and severity of coronary atherosclerosis. 12, 13 In addition, several studies showed that the total WBC count and NLR have prognostic value in patients with acute coronary syndromes.
14 In this study, we aimed to evaluate the association between preand post-exercise change in hematological parameters, particularly neutrophil to lymphocyte ratio (NLR), in relation to the presence of CAD in patients with stable coronary symptoms. device. In patients with stenosis ≥50% determined visually by the consensus of two experienced cardiologists, computer-assisted quantification of luminal diameter stenosis (QCA) was performed (except for subtotal stenosis). Significant CAD was defined as ≥50% narrowing of the luminal diameter in at least one projection of at least one major epicardial artery.
| METHODS

16
Patients with previous CAD, peripheral vascular disease, acute coronary syndrome, unstable angina pectoris, chronic kidney disease, advanced liver disease, cancer, infection, hyper-or hypothyroidism, symptomatic congestive heart failure, left ventricular ejection fraction (LVEF) <50%, and any congenital heart disease were excluded. In addition, patients with history of myocardial infarction based on echocardiography and ECG findings or coronary artery bypass grafting were also ruled out. Local Ethics committee of A. N. E. R. H. approved the study and the study conforms to recognized standards of Declaration of Helsinki.
| Statistical analysis
Data were analyzed with the SPSS software version 16.0 for Windows (SPSS Inc, Chicago, IL, USA). The Kolmogorov-Smirnov test was used to verify the normality of the distribution of continuous variables. Continuous variables are presented as mean±standard deviation, and categorical variables are given as counts and percentages.
The independent sample t test and paired-sample t test was used for continuous variables and the chi-square test for categorical variables.
Receiver operating characteristic (ROC) curve analysis was used to determine the optimum cut-off level of NLR change in addition to positive EST in association with the CAD presence. Statistical significance was defined as P<.05.
| RESULTS
One hundred and thirteen consecutive patients (mean age 57±7 years, 78% male) were included in the study. The comparison between basal and post-exercise hematological variables was given in Table 1 . and platelet to lymphocyte ratio (4±22 vs 24±29, P=.001) were significantly higher in patients with CAD as compared with those without CAD.
The sensitivity and specificity of treadmill ECG testing according to coronary angiography was 79% and 64%, respectively in this study.
The change in the NLR before and after the treadmill ECG testing improved these values. A cut-off point of 0.2 for the change in the NLR in addition to positive stress test had 91% sensitivity and 92% specificity in predicting significant coronary artery stenosis (AUC:0.913, 95% CI:
0.805-1.000, P<.001) (Figure 1 ).
| DISCUSSION
In this study, we found that the elevation of NLR during treadmill ECG was associated with the presence of CAD which may reflect the immune system activation during acute ischemia of the myocardium.
Systemic inflammation and immune system activation plays a key role in the atherosclerosis pathogenesis. 17 Several markers of oxidative stress or vascular inflammatory processes, such as myeloperoxidase, CD40/CD40 ligand, lipoprotein-associated phospholipase A2, heart-type fatty binding protein, and ischemia-modified albumin, have recently been evaluated in patients with acute chest pain based on the underlying pathogenic mechanisms. [18] [19] [20] These biomarkers have roles in inflammation, collagen metabolism, plaque erosion, and rupture as well as play an active role in the development of thrombosis. In our study, as an alternative to these expensive biomarkers, we aimed to Hb, Hemoglobin; RDW, Red cell distribution width; MPV, Mean platelet volume; WBC, White blood cell count; NLR, Neutrophil-lymphocyte ratio; PLR, Platelet-lymphocyte ratio.
establish the diagnostic ability of WBC, their differential counts, and the NLR in relation tothe exercise stress test for the CAD.
It has been shown in previous studies that oxidative stress because ofthe physiologic and pathological conditions causes increased aggregation of platelets and increased cell surface proteins responsible for leukocyte adhesion. 21, 22 Oxidative stress during coronary ischemia and hypoxia causes increased free oxygen radical formation which leads to migration of inflammatory cells to ischemic region.
23,24
Formation of free oxygen radicals, activation of complement system, neutrophil migration, and increased production of acute-phase reactants like IL-1 and IL-6 after ischemia have been shown in previous reports. 25 Likewise, there was significant increase in the NLR after exercise stress test in patients with positive treadmill exercise test and in patients with CAD in our study.
When the coronary ischemic cascade began, a certain period of time passes from the onset of symptoms to the elevation in cardiac enzymes. Considering that inflammation is an important factor in acute or chronic myocardial ischemia, the leukocytes and the NLR can be regarded as an acute-phase reactant. In the present study, supporting this hypothesis, NLR was found to be significantly higher in patients with CAD compared with non-CAD patients. Therefore, exerciseinduced elevation of NLR level may be a contributory marker for coronary ischemia in an emergency setting.
In the study by Kurpesa et al., 26 leukocytosis was independently associated with silent ischemia in post-myocardial infarction patients who were assessed by Holter monitoring. In patients with CAD, the total leukocyte count and the neutrophil count were shown to be elevated even after 15-30 minutes after myocardial ischemia induced by exercise stress testing. [27] [28] [29] In another study conducted by Korkmaz et al., 30 increased NLR was found to be significantly related to high troponin values in patients evaluated for acute chest pain in the emergency department. Therefore, immediate changes in the inflammatory markers may be useful additional tools in patients for suspected acute coronary syndrome.
Treadmill ECG testing is commonly used for the prediction of myocardial ischemia in routine clinical practice. 3, 15 ST-segment deviation is used as a primary indicator of underlying myocardial perfusion abnormalities in the assessment of ECG recordings obtained during the test. 15 In the present study, the overall abnormal changes in the ST-segment (horizontal or down-sloping ST-segment depression or ST-segment elevation) were found significantly more often in patients with myocardial ischemia vs those without myocardial ischemia in coronary angiography. Our trial showed that treadmill ECG testing has 78% sensitivity and 64% specificity. This indicates that the abnormal changes in the ST-segment are limited when interpreting treadmill ECG tests for the detection of myocardial ischemia. Our results are in accordance with the previous findings reporting the limited diagnostic ability of ST-segment deviation for the detection of ischemia in exercise stress test. 31 It seems that incorporating the NLR change into treadmill ECG test evaluation has the potential to improve the detection of CAD. We found that 0.2-fold increase in the NLR has the 91% sensitivity and 92% specificity for predicting CAD.
| Limitations
In addition to relatively small sample size, our study has some limita- 
| CONCLUSION
Neutrophil to lymphocyte ratio is a simple, inexpensive, readily available prognostic and diagnostic parameter in an emergency setting. It is an important inflammatory marker that can contribute to diagnostic power of exercise stress test in the diagnosis of CAD. If supported by further large-scale prospective studies, increased NLR may be a useful marker as a faster diagnostic tool in addition to the ST-segment deviation in patients with suspected CAD.
F I G U R E 1 AUC: 0.913 (95% CI 0.805-1.000), Post-exercise neutrophil to lymphocyte ratio increase of 0.20 has a 91% sensitivity and 92% specificity for the presence of coronary artery disease which is defined as the presence of an at least 50% stenotic lesion
